The introduction of estrin in the treatment of gonorrheal vulvovaginitis in young children by Lewis4 has led to much speculation as to the method by which the hormone overcomes this infection. The development of the infantile vaginal mucosa into a structure resembling the adult tissue, under the influence of estrin, was at first considered as the factor important in the eradication of the gonococci, but further investigation of the mechanism of this form of therapy led Hall and Lewis2 to conclude that the hormone was capable of changing the H-ion concentration of the monkey vagina, usually about neutral, to a markedly acid reaction. This observation was confirmed in female children by Lewis and Weinstein, 5 who found that the vaginal secretions become definitely acid in cases of vulvovaginitis treated with estrogenic hormone and that Gram-negative diplococci disappeared from the genital tract when the pH was depressed to about 6.0, thus indicating that the efficacy of hormone treatment of this disease depends largely on the production of an acid reaction of the vaginal secretions. Weinstein In the work reported here the experiments of Hall and Lewis2 and Ranson and Zuckerman6 were repeated in monkeys using different methods of measuring pH and determining, at the same time, whether or not any correlation could be established between the type of bacterial flora present and the reaction of the vaginal secretions, a direct relationship between the two having been claimed by many workers, among them Cruickshank and Sharman,' who believe that the major part of the acid present in the vagina is the result of the action of the Dioderlein bacillus on the glycogen of the mature vagina. Kienlin3 has questioned this correlation, however, having observed large amounts of acd in the vaginas of new-born infants, although bacteria were not demonstrable, and concluding, therefore, that the acidity of the vaginal secretions is the result of the enzymatic breakdown of the glycogen present in the mucosa. Weinstein and Howard7 studied the problem in women in the post-climacterium and, while able to produce a strong acid reaction by administering estrogenic hormone, could not find any Doderlein bacilli at levels as low as pH 3.8 to 4.6, although this organism was present in some individuals when the reaction of the vagina was close to the neutral point.
Materials and Methods
Six immature Macacus rhesus monkeys were used in this investigation. Estrogenic hormone was administered intramuscularly either as Theelol or Benzogyncestryl in doses ranging from 1,200 to 10,000 international units.
The hydrogen ion concentrations were investigated using indicator papers (LaMotte) covering the following pH ranges: brom-thymol blue (6.0-7.6), brom-cresol green (3.8-5.4) and brom-phenol blue (3.0-4.6). The determinations were carried out by inserting the strip of indicator paper into the vagina through a sterile speculum (which was removed as soon as sufficient penetration had occurred) and allowing it to remain in situ for three or four minutes, carefully withdrawing to avoid contamination with material from the vulva, and comparing the color produced with a standard colorimetric chart. Brom-thymol blue was the first indicator used, followed by others if necessitated by a pH lower than the limit of this substance. Although this method of making pH determinations cannot compare in exact-142 ness with the glass electrode procedure, the results obtained are significant, since any error inherent in the method is constant. Further, since the changes in hydrogen ion concentration significant in the type of work reported here are rather large,-one pH unit or more,-the use of indicator papers seems sufliciently accurate. Although this method probably does not detect changes of 0.2 of a pH unit or less, such small alterations in vaginal acidity are of little significance for studies of this type.
A specimen of vaginal secretion for bacteriological study was obtained before making the pH determination by means of a sterile cotton swab inserted through a sterile speculum. The material was cultured on Endo medium, blood agar, and the tomato-juice peptonized-milk yeast medium8 described previously. The various media were examined at the end of 24 and 48 hours of incubation at 370 C., the presence or absence of members of the coli group, staphylococci, streptococci, and yeasts being noted and the concentration of D6derlein bacilli determined by ascertaining the number of colonies of this organism, in relation to the total number of all organisms, appearing on the yeast-milk-tomato medium.
Biopsy specimens of the vaginal mucosa were taken at definite intervals and sectioned and stained with hematoxylin-eosin to determine the extent of development of the epithelium, and with Best's stain to ascertain the extent of glycogen deposition in the tissue.
Results
The hydrogen ion concentration of the vaginal secretions of the immature monkeys was found to range from 6.8 to 7.2 before treatment with the estrogenic hormone. Injection of estrin increased the concentration of acid present in the vagina rapidly, until pH levels as low as 3.8 were obtained, an appreciable rise becoming evident in 14 days after the first administration of hormone in some animals, and in 20 days in the entire group, an increase of acid of from 1 to 2 pH units being evident in all monkeys. Shortly after cessation of treatment with estrin, the pH of the vaginal secretions began to increase, the degree of acidity present returning to approximately that found previous to treatment, pH 7.0 to 7.2, in 18 days after the last injection.
Comparison tion are examined, where it is evident that, although the H-ion levels have returned to the same points as those present previous to treatment, Doderlein bacilli were often recovered in numbers ranging from S to 90 per cent at a pH of approximately 7.0. The same holds true in a lesser degree for the period preceding the injection of the hormone. A drop in pH was noted during the treatment period before any marked increase in concentration of the aciduric vaginal organisms had taken place. Thus, on February 19, eleven days after injection of estrin, the H-ion concentration of the vaginal secretions was found to have decreased from 7.0 to 6.6 in all of the monkeys, but no Doderlein bacilli were yet demonstrable. On February 22 and 25, with the pH still further reduced, the numbers of this organism were still very small in some of the animals.
The lack of correlation between the quantity of Doderlein bacilli and the H-ion concentration of the vaginal secretions is further emphasized by the fact that in many instances, at pH 5.0 to 6.0 none of these organisms could be demonstrated culturally, while at a pH of 7.0 or higher they were present in large numbers. Monkey No.
26 is a good example of this lack of correlation, the aciduric bacillus being found in concentrations of 90, 60, 50, 30, and 10 per cent of the total viable vaginal flora at pH 7.0 to 7.2, and in amounts ranging from 30 to 90 per cent at pH levels of 3.8 to 6.6. In many of the animals the same number of Doderlein bacilli were present at widely different H-ion figures. Thus, at pH 6.6 some of the monkeys had a vaginal flora, 25 per cent of which was made up of the aciduric bacillus, the quantity of these organisms being no greater when the pH dropped to 5.0. In some instances, the numbers of Doderlein bacteria were smaller at H-ion concentrations considerably higher than those at which larger amounts were present; thus Bacteriological examination of the vaginal material for organisms other than those belonging to the aciduric group revealed the fact that Staphylococcus albus, streptococci of the non-hemolytic variety, E. coli, and A. aerogenes, separately or in mixed culture, were always present, the last-named being subcultured in every instance.
Since members of the intestinal flora, E. coli and A. aerogenes, were always found in the vaginal secretions, and since there was frequent direct evidence of soiling of this organ with fecal material in the form of small fragments of stool within the vagina, the possibility suggested itself that the Doderlein bacteria which were found were the result of contamination from the intestine. The aciduric bacillus, L. acidophilus, which resembles the Doderlein organism very closely is a common inhabitant of the intestinal tract of some animals eating certain diets and may be deposited in the vaginal tract. The stools of all of the animals were, therefore, examined for L. acidophilus and this organism was found to constitute from 90 to 95 per cent of all the viable intestinal bacteria. This finding tended to confuse the results obtained in the study of the Doderlein flora of the vagina since, as has already been stated, this organism cannot be distinguished from the intestinal aciduric form either on the basis of colony morphology or biochemical and serological reactions.
It has been shown by many investigators that the intestinal flora of man and animals may be altered from one in which L. acidophilus predominates to one in which the non-aciduric bacilli are in the majority by feeding a diet high in protein. Attempts to induce such a change in monkeys were completely unsuccessful, the animals refusing to eat a dietary which included only protein-high food, and no changes being noted in the bacterial constitution of the stools when the carbohydrates, without which the animals would not eat their rations, were reduced to a minimum. It was impossible to obtain a stool culture which did not contain at least 50 per cent of L. acidophilus and the experiment could not be repeated, therefore, with animals which did not harbor in the feces forms resembling the Doderlein bacillus.
